The international community started recently to look for a new way to define the kelvin [1] . Different experiments around the world have begun. This presentation will describe the most promising.
Introduction
The international community started recently to look for a new way to define the kelvin, on the basis of a fundamental constant which « would fix » the value in the same way as it was done for the meter. This would have the advantage that the definition of the kelvin would not depend neither on any temperature nor on any measurement method. This constant is naturally the Boltzmann constant k, connected to energy kT, T being the temperature. Indeed, the 10 th general Conference of the Weights and Measurements of 1954 had posed the definition of the kelvin that "the kelvin, unit of temperature, is a 1/273.16 of the thermodynamic temperature of the triple point of water". The kelvin is still currently defined from the triple point of water, but the technological advancement reveals today that this triple point of water is more and more inclined to be an artefact. This makes it necessary to link the kelvin to the Boltzmann constant. However, the current uncertainty on the knowledge of the value of k is two time too large to consider a new definition of the kelvin. Nevertheless, today, this barrier does not seem insurmountable, and a large number of laboratories (CEM, INRiM, LNE-INM, LPL,NIM, NIST, NPL,PTB …) have began very recently their research to decrease this uncertainty following a recommendation 1 (CI-2005) of The Comity International for Weights and Measurements. This comity had met in 2005 and given for objective to fix k for 2011. This presentation will present very briefly the four different techniques currently used for the redetermination of k, namely the measurement of the speed of sound in pure helium-4, the determination deduce of the Doppler profile of the linear absorption line, the measurement of the noise power in an electrical resistance and finally the change of refractive index in function of the density of pure helium-4.
Acoustic method
This method will re-determine the Boltzmann Constant k using the relation u 2 = 5kT/(3m) that, in the limit of zero pressure [2] , connects k to the speed of sound a noble gas u, the thermodynamic temperature T, and the mass m of a atomic gas. This method will obtain the speed of sound by measuring the acoustic resonance frequencies of a helium-filled, copper-walled, quasi-spherical cavity of known volume V [3] . The volume of the cavity will be determined by measuring the microwave resonance frequencies, and/or by three-dimensional coordinate measurements. If the microwave method is satisfactory, the measurement of k will be based on the ratio between the speed of sound in heliumobtained by acoustic resonance measurements -to the speed of the light -obtained by microwave resonance measurements.
Electric noise method
This other method utilizes the fundamental properties of thermal fluctuations in conductors.
V n 2 =4kTRΔf.
With V n 2 being the voltage, R the resistance and Δf the bandwidth over which the noise power is measured. NIST has been developing a Johnson noise thermometry [4] system that uses precision waveforms, synthesized with a quantized voltage noise source to calibrate the electronics, which measure the noise power.
Doppler width of spectral lines method
The Doppler linewidht of a rovibrational transition in a molecular dilute gas is used [5] , [6] . The width Δν D measured by laser spectroscopy method is linked to the thermal agitation by the collision broadening mechanisms.
Where ν 0 is the line center frequency and c the speed of the light.
1-4244-2399-6/08/$20.00 ©2008 IEEE
This new challenging method is now studying the systematic effects.
Refractive index method
This experiment is based on the change of the relative dielectric permittivity in function of the gas density [7] , [8] . The following relation for at the first order is
Where P is the pressure, N a the Avogadro constant, ε is the relative dielectric permittivity and A ε is the molar polarizability. An ab initio calculation gives A ε with 10 -7 uncertainty in relative value, but only for helium gas. The relative dielectric permittivity can be estimated from a cross capacitor, an optical cavity resonator or a microwave resonator. But all of them need to have the isothermal compressibility of the apparatus. Also it is necessary to measure the pressure at 10 -6 level uncertainty in relative value.
Conclusion
The diversity of those methods (the thermo physical propriety of a gas, the optical spectroscopy or the electric noise) will give a very strong physical basis for the new fixed value of the Boltzmann constant. And also will change the way of measuring the thermodynamic temperature in the metrological laboratory. When the Boltzmann constant will be fixed, all those methods could be used to measure directly the thermodynamic temperature without any reference to a "special" temperature.
